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The results based on 1992-95 data (Run 1) from the CDF and D 0  experiments on the measure­
ments of the W boson mass and width are presented, along with the combined results. We report a 
Tevatron collider average MW =  80.456 ±  0.059 GeV. We also report the Tevatron collider average 
of the directly measured W boson width r W =  2.115 ±  0.105 GeV. We describe a new joint analysis 
of the direct W mass and width measurements. Assuming the validity of the standard model, we 
combine the directly measured W boson width with the width extracted from the ratio of W and Z 
boson leptonic partial cross sections. This combined result for the Tevatron is r W =  2.135 ±  0.050 
GeV. Finally, we use the measurements of the direct total W width and the leptonic branching ratio 
to extract the leptonic partial width r (W  ^  ev) =  224 ±  13 MeV.
I. IN T R O D U C T IO N
We present new combined results on the W  boson mass and w idth from the CD F and D 0  experim ents a t the 
Ferm ilab Tevatron. We docum ent the  com bination m ethodologies and sum m arize the results and the  various sources 
of uncertainty, identifying those sources th a t produce correlated uncertain ty  between the two experim ents’ results. 
We also present the com bination w ith the UA2 and L E P  results. These m easurem ents represent some of the  m ain 
goals of the electroweak physics program  a t the Tevatron collider.
The W  boson m ass and w idth are im portan t param eters in the electroweak gauge sector of the  standard  
model(SM ) [1]. The W  boson, along w ith the Z  boson and the photon, provides a unified description of the electroweak 
in teraction  as a gauge in teraction  w ith the sym m etry group S U (2)L x U (1). If this were an unbroken sym m etry, the 
W  and Z  bosons would be massless. The m ass of the W  boson and its couplings, which determ ine its w idth, are 
therefore of substan tia l relevance to  tests of the s truc tu re  of the  theory  and the natu re  of electroweak sym m etry 
breaking.
In the SM the W  boson m ass is related  to  o ther param eters, and in the “on shell” scheme [2] it can be w ritten  as
where a  is the  electrom agnetic coupling constan t and G F is Fermi coupling constan t m easured in m uon decay. The 
electroweak radiative correction A r receives calculable contributions from loops containing the t  — b quarks, the  Higgs 
boson (which is the hypothetical agent of electroweak sym m etry  breaking), and any other hypothetical particles such 
as supersym m etric particles coupling to  the W  boson. Since the top  quark  mass has been m easured [3,4], the  t  — b 
loop correction can be calculated. A precise m easurem ent of the  W  boson mass therefore constrains the mass of the  
Higgs boson, which has not yet been experim entally observed. Should the Higgs boson be discovered in the  future, 
the com parison between its d irectly  m easured mass and the  indirect constrain t will be a very interesting test of the 
SM. In the m inim al supersym m etric extension of the  stan d ard  model (MSSM), for example, loop corrections due to  
supersym m etric particles can contribute up to  250 MeV [5] to  the predicted W  boson mass.
5
6In the SM W  bosons decay leptonically: W  ^  lv  where l G ( e ,^ ,  t }, or hadronically: W  ^  q'q, where q,q ' G 
{■u , d, c, s, b}. The leptonic p artia l w idth  can be calculated [6] :
T {W  ^ e v )  = ^ 0 k { l  + 5) , (2)
where the SM radiative correction 5 is calculated to  be less th an  0.5%. Including the QCD radiative corrections for 
the  quark  decay channels, the SM prediction for the leptonic branching ra tio  [7] is:
B (W  ^  ev) =  ( 3 +  6 [1 +  a s (M w ) /n  +  O (a 2s ) ]  ) -1  . (3)
Given the precision of these SM calculations, their com parison w ith the m easured W  boson w idth provides an im por­
ta n t test of the SM.
The precision of the  W  boson mass and w idth m easurem ents from the LEP experim ents (ALEPH, DELPHI, L3 
and OPAL) and the Tevatron collider experim ents (CDF and D 0 ) is sim ilar, im plying th a t our best knowledge comes 
from the combined results of all these experim ents. The m easurem ents are quite in tricate  w ith m any inputs and 
incorporate constrain ts from d a ta  and physics models. In this situation  a simple average of all m easurem ents, w ith 
the assum ption th a t they  are com pletely independent, m ay be biased in the value or the uncertainty.
In this paper we present system atic analyses of the W  mass and w idth  m easurem ents published by the CD F and D 0  
experim ents a t Fermilab. Following a brief description of the observables in Section II, we discuss our m ethodology 
and calculations. In Section III, we consider the  W  boson m ass as the param eter of in terest and consider all other 
param eters needed for its m easurem ent as external inputs, including the W  w idth. We review the uncertainties on these 
external param eters as described in the  respective CD F and D 0  publications, identifying the relevant correlations. 
This inform ation is used to  construct the  covariance m atrix  for combining the W  mass m easurem ents.
In Section IV, we perform  the same analysis for the direct m easurem ent of the W  boson w idth. This is again a 
one-param eter analysis, where in particu lar the W  m ass is trea ted  as an external input.
In Section V, we present a new m ethodology for trea ting  the W  boson m ass and w idth sim ultaneously in a two- 
param eter analysis. This m ethod departs from the previously published results in th a t no external inform ation is 
used for either of these param eters. This has two significant advantages over the  one-param eter analyses th a t  are 
usually performed: (i) theoretical model dependence is reduced, m aking the results more m eaningful and easier to  
in terpret, and (ii) correlation w ith o ther m ethods of m easuring the W  m ass and w idth  is reduced, m aking subsequent 
com parisons and  com binations more powerful. We also dem onstrate th a t the  jo in t tw o-param eter analysis results in 
no loss of precision, com pared to  the  separate  one-param eter analyses of the  W  mass and width.
In Section VI, we review the analyses of the  ra tio  (R) of W  and Z  boson cross sections in the  leptonic channels, as 
published by the CD F and D 0  collaborations. W ith  some SM assum ptions and m easured inputs, th is ra tio  can be 
converted into a m easurem ent of the  leptonic branching ratio  of the  W  boson, and further into a m easurem ent of the 
W  boson w idth. We present an analysis of the correlated uncertainties and the external inputs used to  ex trac t the 
W  w idth. Assum ptions m ade in the extraction  of the  W  w idth from R  are com pared and  contrasted  w ith the direct 
lineshape m easurem ent in Section II.
We conclude the paper w ith Section VII, discussing future im plem entations of the m ethodologies presented here. 
We suggest certain  additional inform ation th a t can be published by the individual collaborations regarding details of 
their analyses. We also m ention those aspects where the collaborations m ay adopt analysis practices th a t are more 
consistent w ith each other. We hope th a t these com m ents will be useful for future efforts.
II. T E V A T R O N  OBSERV A BLES
We sum m arize here the observables described by CDF and D 0  in their respective publications [8-14]. The 
directly  m easured W  boson m ass and w idth  [8-11] correspond to  the  pole m ass M W and pole w idth r W in the 
Breit-W igner line shape w ith energy-dependent w idth, as defined by the differential cross section
^  = C - ( Q )___________ ^ ____________ Í4)
dQ q q W ) (Q2 - M ^  + Q ^ w / M ^  ’  W
where Q is the center-of-m ass energy of the annihilating partons. L qq(Q) represents the  partonic lum inosity in 
hadron-hadron collisions
£qq(Q) = — ^ 2 [  — f i ( x ,Q 2) f j ( Q 2/ s x ,Q 2) , (5)
s j j j Q 2 / s  x
7where i and j  represent parto n  flavors, / ¿ j  represent the respective parto n  d istribu tion  functions, x is the m om entum  
fraction of the parton , and y/s is the hadron-hadron  center-of-m ass energy.
The W  decay channels used for these m easurem ents [8-11] are the ev channel (by CDF and D 0 ) and the ^ v  
channel (by CD F). The W  boson m ass and w idth are ex tracted  by analyzing the Jacobian edge and the high mass 
ta il respectively of the  transverse mass (m T ) d istribution
tìitÌ I ^ v ) = y f2 p T {l± ) Pt {v ) (1 -  cos (</>(/± ) -  4>(v))) , (6)
where p T and ^  represent the transverse m om entum  and azim uthal angle respectively of the leptons. D 0  has also 
m easured the  W  boson mass by analyzing the Jacobian edge in the  electron and neutrino  p T distributions. The CDF 
result for the  W  boson mass is quoted using the m T fit, while the  D 0  result combines the m T fit and the lepton p T 
fits taking the correlations into account.
The W  boson w idth is also ex tracted  [12-14] from the m easured ra tio  of p artia l cross sections
_  a w  • B ( W  ^  ev)
K  =
a z  • B ( Z  ^  ee)
r z  T ( W  —> ev) 
a z  r(Z —>■ ee) F\y (7)
by using as inputs the calculated ra tio  of to ta l cross sections, the m easured Z  ^  ee branching ra tio  from LEP and 
the SM calculation of the p artia l w idth r ( W  ^  ev ).
Eqn. 4 gives the differential cross section for the W  Drell-Yan process. The extraction  of M w  and r w  using Eqn. 4 
assumes the following:
1. the  W  boson p ropagator can be described by the relativistic Breit-W igner d istribu tion  in quantum  field theory, 
and
2. the production  of W  bosons in hadron-hadron collisions can be described by a factorizable process, w ith no 
additional interactions between the initial and final states. Since the leptonic final sta tes are used for the 
m easurem ents, there is no strong in teraction  between the  initial s ta te  and the final s ta te . Electroweak corrections 
are considered in the analyses. Higher tw ist effects, which in principle alter the  effective partonic lum inosity 
factor Cqq(Q), are in practice negligible for Q 2 =  M W .
3. backgrounds to  the  W  Drell-Yan process from W W , W Z  and t t  production  are small; in practice, these rare 
processes are further suppressed by analysis selection cuts and produce essentially no contam ination.
In addition to  the above, the  ex traction  of B (W  ^  ev) and from R  assumes th a t the  W  and Z  boson couplings 
to  the leptons and light quarks are known, so th a t the inclusive cross section ra tio  a w / a z  can be calculated. The 
Z  boson leptonic branching ra tio  is well-measured a t LEP. U ncertainties associated w ith a w / a z  are discussed in 
Section VI.
III . W B O SO N  M A SS
The R un 1 W  boson mass m easurem ents from CDF [8] and D 0  [9] are
M w  =  80.433 ±  0.079 GeV (CDF) ,
M w  =  80.483 ±  0.084 GeV (D 0 ) . (8)
We discuss the sources of uncerta in ty  and classify them  as being either uncorrelated  between the two experim ental 
results, or (partially  or completely) correlated.
A. U n co rre la ted  U n ce rta in tie s
The m easurem ent and analysis techniques used by b o th  experim ents rely extensively on in ternal calibration 
and collider d a ta  to  m easure detector response and constrain  theoretical model inputs. The bulk of the  uncertain ty  
is therefore uncorrelated. We itemize the uncorrelated  sources below. The following discussion also applies to  the 
uncorrelated  uncertainties in the  direct m easurem ent of the W  boson w idth  (see Section IV).
8•  W  sta tistics in the  kinem atic d istributions used for the m ass fits.
•  D etector energy response and resolution m easured using resonances (Z , J / ^ ,  Y and n 0). Model uncertain ty  
from resonance line shapes is negligible. These d a ta  are used for the calibration of lepton energy response 
(calorim etry and tracking for electrons and tracking for m uons). The Z  d a ta  are also used for calibrating the 
calorim eter response to  the hadronic activ ity  recoiling against the  vector boson. In the  CD F analysis, the 
lepton response and resolution and the hadronic recoil are modelled by em pirical functions whose param eters 
are constrained independently  for the  electron and m uon channel. Therefore in the in ternal CD F com bination 
of these m easurem ents, uncertainties in the  lepton and recoil models are uncorrelated  between channels. D 0  
perform s independent em pirical fits to  their d a ta  which are uncorrelated  w ith CD F fits.
•  Selection biases and backgrounds are unique to  each experim ent and are m easured m ostly from collider data , 
w ith some inpu t from detector sim ulation for estim ating selection bias. These uncertain ties are uncorrelated 
between the CD F electron and m uon channel m easurem ents. CDF has no selection bias for electrons (in contrast 
w ith D 0 ) because the selection cuts rely more heavily on tracking ra th e r th an  calorim eter isolation, and because 
of a more inclusive W  ^  ev triggering scheme.
•  The d istribu tion  of the transverse m om entum  (pT ) of the W  boson is a model input, which each experim ent 
constrains individually by fitting the Z  boson p T distribution . Phenom enological models such as th a t of Ellis, 
Ross and Veseli [15] or th a t  of Ladinsky and Yuan [16] are trea ted  as em pirical functions which, after folding in 
the detector response, adequately describe the observed p T (Z ) distribution. The p T d istribu tion  is specified by 
model param eters along w ith Aq CD and the parton  d istribu tion  functions (PD Fs). The uncertain ty  is dom inated 
by Z  statistics, w ith small dependence on the  PD Fs and Aq CD . The la tte r introduces a small correlation between 
the two experim ents which can be neglected a t th is level1. A potentially  correlated uncerta in ty  in the  theoretical 
relationship between the W  boson and the Z  boson p T spectra  is assum ed to  be negligible. There is a small (3 
MeV) correlated com ponent in the p T (W ) uncerta in ty  between the CDF electron and m uon channel results.
•  The sources of background are Z  ^  ll where one of the  leptons is lost, W  ^  tv ^  e/^, +  v tv , and misidentified 
QCD je t events. The Z  ^  ll background is estim ated using individual detector sim ulations. The uncertain ty  
on the W  ^  tv ^  e / ^  +  v tv  background is negligible. The je t m isidentification background is estim ated by 
using loosely defined lepton d a ta  samples which enhances the background contribution (D 0 ), or by selecting 
lepton candidates th a t fail quality  cuts (CD F). W hile the  techniques are sim ilar in principle they  differ in detail. 
CDF has also confirmed the je t m isidentification background estim ate using a photon  conversion sample. The 
background uncertainties and cross-checks are statistics-lim ited  and therefore independent.
Table I shows the contributions to  the  uncertain ty  which are uncorrelated  between the CD F and D 0  m easurem ents, 
taken from the respective publications [8,9] of the  1994-95 d a ta  as examples. All of these uncertainties should reduce 
in the  future w ith more data , as the  detector sim ulation and production /decay  model is tuned  w ith higher precision, 
and backgrounds are reduced w ith tigh ter cuts.
TABLE I. Uncorrelated uncertainties (MeV) in the CDF [8] and D 0 [9] W boson mass measurements from the 1994-95 
(Run 1b) data. W boson decay channels used (e, ß) are listed separately.
Source CDF /Li CDF e D 0 e
W statistics 100 65 60
Lepton scale 85 75 56
Lepton resolution 20 25 19
Pt { W ) 20 15 15
Recoil model 35 37 35
Selection bias 18 - 12
Backgrounds 25 5 9
■'‘Individual sources of uncertainty below about 3 MeV are typically not enumerated by the CDF and D 0  experiments when 
the results are reported.
9B. C o rre la ted  U n ce rta in tie s
Sources of correlated uncertain ty  are associated w ith the modeling of W  production and decay, which we itemize 
below. The uncertainties are fully correlated between CD F and D 0 , w ith possibly different m agnitudes.
•  The W  boson kinem atic distributions used in the  fits are invariant under longitudinal boosts because they  are 
derived from transverse quantities. The sensitivity  to  the  PD Fs arises because of acceptance cuts on the charged 
lepton rapidity. As the rap id ity  acceptance increases the sensitivity  to  PD Fs reduces. The D 0  W  boson mass 
m easurem ent includes electrons up to  pseudorapidity  |n| <  2.5, and the CD F m easurem ent includes electrons 
and muons up to  |n| <  1.0. The P D F  uncerta in ty  is correlated bu t different for the  two m easurem ents.
•  The B reit-W igner line shape has an uncertain ty  due to  the  variation in the m ass dependence of the partonic 
luminosity. This is a small contribution  which D 0  quotes separately, bu t CDF subsum es into the overall PD F 
uncertainty.
•  QED radiative corrections in leptonic W  boson decays are evaluated by bo th  experim ents using the Berends 
and Kleiss [17] calculation. The uncertain ty  is evaluated by com paring to  the PH O TO S [18] program  an d /o r 
the calculation of B aur et al. [19]. The higher order QED effects have a different im pact on the electron 
and m uon channel m easurem ents from CD F and the electron m easurem ent from D 0  due to  differences in 
energy m easurem ent techniques. We find th a t in the  combined electron and m uon channel result of CDF, the 
effective uncertain ty  due to  QED radiative corrections is 11 MeV. This contribution  is fully correlated w ith the 
corresponding uncerta in ty  in the  D 0  result.
•  The W  w idth  inpu t into the W  boson m ass m easurem ent is provided differently by CD F and D 0 . CDF uses the 
SM prediction for r W for the  fitted value of M W and the resulting uncertain ty  is negligible. D 0  uses the indirect 
m easurem ent of the  W  w idth which is ex tracted  from the D 0  m easurem ent of the ra tio  <r(W ^  ev)/<r(Z ^  ee). 
Since the line-shape fits perform ed by CD F and D 0  for the  W  m ass are sensitive to  the  assum ed W  w idth, we 
require th a t bo th  experim ental results use a consistent trea tm en t of the uncerta in ty  associated w ith the w idth 
input. For the purpose of combining the results, we take the 10 MeV uncertain ty  quoted by D 0  to  be the 
correlated error.
Table II shows the correlated system atic uncertainties, taken from [8] and [9] respectively.
TABLE II. Systematic uncertainties (MeV) from correlated sources in the W boson mass measurements [8,9].
Source CDF D 0
PDF & parton luminosity 15 7 © 4
Radiative Corrections 11 12
Yw 10 10
C. C o m b in a tio n  of R esu lts
We use the Best Linear Unbiased E stim ate  [20] m ethod, which is also used in [9], to  construct the covariance m a­
trix  between the CDF and D 0  m easurem ents. For each source of correlated error, we construct a 2-com ponent vector 
ójM w  whose com ponents are the individual uncertainties quoted  in Table II, i.e. &¿MW =  (&¿MWd f , ¿¿M ^0 ) for the 
i th source of uncertainty. The contribution to  the  covariance m atrix  from each source is given by V  =  (¿jM W)T ,
where T  indicates the transpose. The various sources of error are assum ed to  be uncorrelated  w ith each other, hence 
we add the individual covariance m atrices Vj to  obtain  V =  ^ j Vj. This procedure gives us the off-diagonal te rm  in 
the to ta l covariance m atrix  V . The diagonal term s are obtained from the square of each m easurem ent’s to ta l error. 
The square roo t of the off-diagonal covariance m atrix  elem ent \ fV \2 gives the to ta l correlated error between the CDF 
and DO m easurem ents of 19 MeV. The correlation coefficient, defined by V12/V V 11V23, is 192/ (79 x 84) =  0.054.
The combined W  m ass M w  for the  set of two W  mass m easurem ents m i and  their covariance m atrix  V is given by
2 2  




where H  =  V 1 and i, j  run  over the  two W  mass m easurem ents being combined. The combined error is given by
2
a(M w ) =  ( E  H ij )-1/2 , (10)
i,j=1
and the x 2 for the com bination is given by
2
X2 =  E  (mi -  M w ) H jj (m j -  M w ) . (11)
i,j=1
Using th is procedure, we obtain  the combined result for the Tevatron collider
MWevatron =  80.456 ±  0.059 GeV , (12)
w ith X2 =  0.2 and  probability  of 66%.
We note th a t the  various W  mass m easurem ents from D 0  are internally  combined by D 0  [9] using the same 
technique th a t we describe above. CDF combines its in ternal m easurem ents [8] using a slightly different formulation, 
where the  m easurem ents are combined using only the uncorrelated errors, and then  the correlated errors are added 
in quadratu re . W hen the correlated errors are small w ith positive correlation coefficients, as we have here, the two 
form ulations give very sim ilar results.
The result of Eqn. 12 is not very different from a simple average ignoring all correlations (80.456± 0.057 GeV). This 
is due to  the uncertainties being dom inated by the uncorrelated  com ponents. As m entioned before, the uncorrelated 
sources of uncerta in ty  will reduce w ith higher statistics. Therefore correlated theoretical errors such as QED radiative 
corrections m ay dom inate in the future, in which case the error analysis we have presented here becomes more 
im portan t.
The com bination of the Tevatron collider average w ith the UA2 m easurem ent [21] of
MWA2 =  80.36 ±  0.37 GeV (13)
w ith a common uncerta in ty  of 19 MeV yields
MW  =  80.454 ±  0.059 GeV . (14)
Here we have taken  the correlated com ponent of the uncerta in ty  between CDF and  D 0  as being fully correlated w ith 
the UA2 result, since all three hadron collider m easurem ents are sensitive to  the PD Fs, QED radiative corrections 
and W  w idth in much the same way.
F urther com bination w ith the prelim inary LEP average [22] of
MWEP =  80.412 ±  0.042 GeV (15)
assum ing no correlated uncertain ty  gives
MWorld =  80.426 ±  0.034 GeV (16)
as the  prelim inary world average (w ith x 2 =  0.34 and 56% probability). Figure 1 shows the W  boson m ass results, 
com pared w ith the indirect value of 80.380 ±  0.023 GeV. The la tte r is obtained from a fit to  all Z-pole d a ta  and the 
direct top  mass m easurem ents [22], as in terpreted  in the  context of the SM.
IV . W B O SO N  W ID T H
The direct m easurem ent of the W  boson w idth is m ade by analyzing W  boson candidate events w ith transverse 
m ass above the Jacobian peak, which occurs for m T ~  80 GeV. The fitting range extends roughly between 100 GeV 
and 200 GeV, where the resolution effects from the  Jacobian peak are small. The W  boson w idth analysis shares 
m ost of the issues of W  production and decay modeling and the detector response w ith the W  boson mass analysis, 
and the sources of uncerta in ty  are therefore similar.
As w ith the  W  boson mass analysis, the  model param eters are constrained by analysis of in ternal d a ta  by each 
experim ent separately. Therefore m ost of the uncertainties (shown in Table III for the 1994-95 d a ta  [10,11] as 
examples) are uncorrelated. These uncertainties are also uncorrelated  between the  CDF electron and m uon channel 
results.
The correlated sources of uncerta in ty  are
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Standard Model Indirect Prediction
UA2 (1992) MW = 80.36 ± 0.37
D0 MW = 80.483 ± 0.084
CDF MW = 80.433 ± 0.079
Hadron Collider Avg
*
MW = 80.454 ± 0.059
preliminary LEP2 Avg » MW = 80.412 ± 0.042
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i i i i i i i i i
•
i
MW = 80.426 ± 0.034
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FIG. 1. Direct measurements of the W boson mass compared with the SM prediction [22] based on a fit to all Z-pole data 
and the direct top mass measurements.
TABLE III. Uncorrelated uncertainties (MeV) in the CDF [10] and D 0 [11] W boson width measurements from the 1994-95 
(Run 1b) data. W boson decay channels used (e, ß) are listed separately.
Source CDF ß CDF e D 0 e
W statistics 195 125 142
Lepton energy scale 15 20 42
Lepton E  or pT non-linearity 5 60 -
Recoil model 90 60 59
pr(W ) 70 55 12
Backgrounds 50 30 42
Detector modeling, lepton ID 40 30 10
Lepton resolution 20 10 27
Parton luminosity slope - - 28
•  P arto n  d istribu tion  functions - the CD F and D 0  analyses used different sets of PD Fs to  evaluate th is uncertain ty  
and quote different contributions. The W  boson acceptance is sim ilar in the direct m easurem ents of the  W  boson 
w idth since b o th  experim ents require lepton >  20 GeV and  |n| <  1.
•  W  boson mass
•  QED radiative corrections
The R un 1 direct W  boson w idth m easurem ents from CD F [10] and D 0  [11] are
r W =  2.05 ±  0.13 GeV (CDF) ,
r w  =  2. 231— Ge V (D 0 ) , (17)
where the  to ta l uncertain ty  is quoted. The correlated uncertainties for the two m easurem ents are shown in Table IV. 
The likelihood fit re tu rns a slightly asym m etric s ta tistical error for the  D 0  result. We sym m etrize it by taking the 
arithm etic average and combine in quad ra tu re  w ith the to ta l system atic uncerta in ty  to  ob tain  a to ta l uncertain ty  of 
173 MeV for the D 0  result. We use the procedure described in Section IIIC  to  construct the  covariance m atrix , and
12
TABLE IV. Systematic uncertainties (MeV) from correlated sources in the direct W boson width measurements [10,11].
Source CDF D 0
PDF 15 27
Radiative Corrections 10 10
W boson mass 10 15
use it to  ob tain  the combined result
rTevatron =  2.115  ±  0.105 GeV (18)
w ith x 2 = 0 .7  and probability  of 40%. The square root of the  off-diagonal covariance m atrix  element gives the  to ta l 
correlated error of 26 MeV and a correlation coefficient of 0.03. As in the case of the W  mass com bination, the 
uncorrelated  errors dom inate w ith the current statistics, and ignoring the correlation would produce a sim ilar result 
(2.115 ±  0.104 GeV). However, in R un 2 a t the Tevatron, which is expected to  increase the sta tistics by a factor of 
~  20, the correlated uncertainties on the theoretical inputs m ay dom inate.
Com bination of the  Tevatron average w ith the prelim inary LEP average [22] of
assum ing no correlated uncertain ty  gives
rWEP =  2.150 ±  0.091 GeV
rWOrld =  2.135 ±  0.069 GeV
(19)
(20)
as the prelim inary world average (w ith x 2 =  0.063). Figure 2 shows the W  boson w idth results, com pared w ith the 
SM prediction of 2.0927 ±  0.0025 GeV [23].





preliminary LEP2 Avg 
preliminary World Avg
r w = 2.231 ± 0.173
r W = 2.050 ± 0.130
r W = 2.115 ± 0.105
r W = 2.150 ± 0.091
r W = 2.135 ± 0.069
Tw (GeV)
FIG. 2. Direct measurements of the W boson width compared with the SM prediction [23].
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V. JO IN T  A N A LY SIS O F W B O SO N  M A SS A N D  W ID T H
In th is section we describe the analysis for the  jo in t direct m easurem ent of the  W  boson mass and the w idth. 
We do not allow external constrain ts on the m ass and w idth param eters: instead we propagate the uncertain ties on
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the  direct observables to  the uncertainties on the ex tracted  Breit-W igner param eters. This procedure will give us the 
values and uncertainties on M W and r W ex tracted  from “Tevatron d a ta  only” , as well as their covariance.
We introduce the following term inology to  distinguish between the  observables called M W and r W (which are 
re tu rned  by the fits to  the d a ta  spectra) and the B reit-W igner param eters of the  same nam es (which we w ant to  
ex trac t). We define the vector of observables o =  (M W , rW  ) and the vector of Breit-W igner param eters t  =  (M W , rW  ). 
We approxim ate the functional dependence o ( t  ) by a linear dependence, so th a t o and t  are related  by a linear 
transform ation. For the  error analysis, we are in terested  in transform ing the variations in o to  variations in t. This 
transform ation  is given by the m atrix  of derivatives A  =  d o /d t, such th a t
Jo =  A  Jt (21)




The values of the  m atrix  elements of A  have been published by the CDF and D 0  collaborations, using their M onte 
Carlo sim ulation program s [9-11]. These sim ulation program s generate W  bosons according to  the  calculated mass, 
rap id ity  and distributions, generate the decay products according to  calculated angular d istributions, and subject 
them  to  param eterized detector response functions. The sim ulated decay leptons are used to  predict the  distributions 
of the  observables in the data .
The sim ulation and fitting program s dem onstrate th a t the  diagonal elements of A  are unity. The off-diagonal 
is given by 2 the 10 MeV variation in observed M w  due to  a 60 MeV variation in rW  [9]. The off-
is given by the m ean variation of 13 MeV 3 in observed r W for a 39 MeV variation in MWdiagonal element fFjf




We invert Eqn. 21 to  ob tain  A  1 Jo =  J t and take the expectation  value of the  product of each vector and its 
transpose
A  1 <  Jo (Jo)T >  (A  1)T =  <  J t (J t)T >  , (24)
where T  denotes the transpose and  <  ... >  denotes the  expectation value. The left-hand-side of Eqn. 24 contains the 
covariance m atrix  of the observables <  Jo (Jo)T > , and we identify the right-hand-side w ith the covariance m atrix  of 
the  ex tracted  B reit-W igner param eters.
The diagonal elements of <  Jo (Jo)T >  are given by the variances of the  individual Tevatron averages of the 
direct W  boson mass and w idth  (see Eqns. 12 and 18), excluding the error contribution to  M W due to  r W and vice­
versa. In order to  evaluate the off-diagonal m atrix  element, we analyze the various contributions to  the respective 
variances. The observables are ob tained from fits to  disjoint d a ta  sam ples4, so th a t  their sta tistica l uncertainties are 
uncorrelated. However, the observed values of M W and r W depend on the same detector param eters (such as energy 
scales and resolutions) and the same theoretical param eters (such as parto n  d istribu tion  functions and QED radiative 





2We use the value of the derivative quoted by D0, since CDF does not quote it. We assume that the same derivative would 
apply for both experiments since the W boson kinematics and experimental resolutions are similar.
3The uncertainty in r W due to MW is quoted as 10 MeV and 15 MeV by CDF and D 0  respectively, which are consistent with 
being equal given that both experiments round the quoted systematics to the nearest 5 MeV due to Monte Carlo statistics. 
The kinematics and acceptance for both experiments are very similar, hence we expect the true sensitivity to be the same, for 
which our best estimate is their average of 13 MeV.
4The W mass fits are performed with the data satisfying m T < 90 GeV or lepton pT < 50 GeV, while the fits for the W width 
are performed with data satisfying m T > 100 GeV.
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To com pute the off-diagonal term , we evaluate the  uncertain ty  contribution to  the  observed M W and r W due to  
each of these nuisance param eters. The following procedure is followed: (i) remove the respective contribution  from 
the CDF and D 0  results separately, by setting  each to  zero, (ii) recom pute the to ta l error on the C D F + D 0  average, 
and (iii) take the difference in quad ra tu re  between the original to ta l error and the reduced to ta l error. Table V shows 
the uncertain ty  contributions from each source to  the C D F + D 0  averages.
In the above procedure, we have followed the same assum ption th a t  is m ade by CDF and D 0  in their publications
- th a t the  sources of uncerta in ty  listed in Table V are m utually  independent. This is a valid assum ption given the 
sta tistics of these data . The lepton energy scale and resolution are derived from the observed peak position and 
w idth of the  Z  boson mass distribution, which are essentially decoupled. The (W ) uncerta in ty  is dom inated by the 
s ta tistical error of the  (Z  ^  ll) m easurem ent, although th is m ay change in the  future. The recoil model is tuned  
using transverse m om entum  balance in (Z  ^  ll) events, where the lepton resolution is a small effect com pared to  
the recoil resolution.
TABLE V. Correlated uncertainties (MeV) between the C D F+D 0 averages of Mw and direct r w , due to nuisance param­
eters.
Source M w Tw
Lepton scale 37 17
Lepton resolution 12 11
Pt { W ) 9 24
Recoil model 20 35
Detector modeling, selection bias 6 13
QED radiative correction 11 10
We use the inform ation from Table V to  evaluate the covariance term
<  ¿m w  ¿rW  >  =  E  ¿iMW ¿ ^ W  , (25)
i
where the sum  is perform ed over the  various sources in Table V, and ¿iMW and ¿irW  are the  respective error contri­
butions to  MW and rW  from source i. In this sum, the relative sign of each pair of factors ¿iMW and ¿i rW  determ ines 
the sign of the covariance contribution. The W  mass and w idth analyses were perform ed by each experim ent in a 
closely related  m anner, using the same sim ulation program s for bo th  analyses. The uncertain ty  contributions due to  
the nuisance param eters are com pletely correlated between the observed M w  and r w . Therefore ¿iMW and ¿irW  
have the same sign in all cases. To illustrate, in the  cases of the lepton energy scale, lepton energy resolution, (W ) 
and recoil modeling, an increase in the respective param eter increases the observed values of b o th  M w  and r w . 
Similarly, in the cases of detector modeling, selection bias and QED radiative correction, the  bias in the shape of the 
m T or lepton spectrum  affects bo th  observables in the  same direction.
TABLE VI. Uncorrelated systematic uncertainties (MeV) between the C D F+D 0 averages of Mw and direct r W.
Source M w Tw
Backgrounds 6 21
PDF, parton luminosity 12 22
Table VI shows the system atic error contributions due to  PD Fs and backgrounds. We do not expect a strong
correlation between the error contributions to  the  observed m ass and w idth  from these sources, because the observables 
are derived from different ranges in m T . Thus, in the  case of the PD Fs, a different x range is relevant in each case. 
Furtherm ore, in the case of the  W  mass, the uncertain ty  in the PD Fs propagates m ainly th rough  acceptance effects, 
while in the case of the W  width, the  m ain effect is th rough the relative norm alization of the high and low m T regions. 
In the case of backgrounds, QCD je t m isidentification produces the dom inant background whose shape is determ ined 
independently  in the  different m T regions. The sensitivity  to  the background shape and norm alization is different in 
the fits for the mass and the w idth, since the shapes of the signal distributions are very different in the respective 
fitting windows. O n the basis of these argum ents, we take the contributions in Table VI to  be uncorrelated. They 
are no t used directly  in this jo in t error analysis; we present them  here for completeness and future reference.
E valuating Eqn. 25, we find <  ¿MW ¿rW  >  =  432 M eV2, and the covariance m atrix  for MW and rW  is
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<  ¿o (¿o)T >  =
(  (592 -  102) MeV2 432 M eV2 
V 432 M eV2 (1052 -  132) M eV2
where the removal of the 10 (13) MeV system atic on the  individual m easurem ent of M W ( r W) due to  r W (M W) 
variation is shown explicitly. S ubstitu ting  th is result and A  into Eqn. 24 gives the covariance m atrix  for the  ex tracted  
B reit-W igner param eters MW and rW  :
< ¿ í" (¿t F  >  =  (  (59 M eV)2 - (3 3  M eV)2 \
<  (dt) >  y - (3 3  M eV)2 (106 M eV)2 J  ' (27)
The negative sign of the  covariance between MW and rW  can be understood  as follows: a higher value of the 
B reit-W igner pole mass increases the  predicted num ber of events a t high m T , causing the inferred rW  to  reduce 
(given the num ber of observed events a t high m T ). Similarly, a higher value of the B reit-W igner w idth increases 
the expected num ber of events on the high side of the Jacobian  edge, causing the inferred MW to  reduce (given the 
observed position of the Jacobian  edge).
We now describe the calculation of the  M W and r W central values in the  jo in t analysis. We shift the observed 
value of each variable by the corresponding difference of the o ther variable from its assum ed value, scaled by the 
appropria te  p artia l derivative:
m  * =  m  o +  b ( r A -  r*) ,
r  =  r o +  a (M A -  M *) . (28)
M a and Ta denote the  assum ed values of the  mass and w idth  used in the w idth and m ass analyses respectively. r o and 
M o are the values ex tracted  in these individual analyses, and a and b denote the p artia l derivatives a =  d r / d M  =  0.33 
and b =  d M / d r  =  0.17. Solving these sim ultaneous linear equations for M * and r*, we ob tain  the central values in 
the jo in t analysis.
CDF and D 0  used different assum ed values of the  W  mass and w idth in their respective analyses. For our 
sim ultaneous M W -  r W analysis, we need the  individual Tevatron averages of M W and r W for which the inputs are 
quoted using the same reference values of r W and M W respectively. Thus we cannot use the results of Eqn. 18 and 
Eqn. 12 for r o and M o directly. To arrive a t the appropria te  averages, we use the p artia l derivatives m entioned above 
to  “shift” the CDF and D 0  m easurem ents to  common reference values of M a =  80.413 GeV and Ta =  2.080 GeV.
This reference point is calculated as follows. In the  w idth analysis, D 0  assum ed a W  m ass value of 80.436 GeV while 
CD F assum ed a value of 80.400 GeV. We use the weights derived for combining the CDF and D 0  w idth  m easurem ents 
(Sec. IV) to  obtain  the average M a =  80.413 GeV. Similarly, in the m ass analysis, D 0  assum ed a W  w idth  value of 
2.062 GeV and CDF assum ed a value of 2.096 GeV. Using the weights derived for combining the mass m easurem ents 
(Sec. III), we ob tain  the average Ta =  2.080 GeV.
For these coordinates of the reference point, the  CD F and D 0  W  m ass m easurem ents shift by about 3 MeV each, 
and the W  w idth m easurem ents shift by about 4 MeV and 8 MeV respectively for CD F and D 0 . The com bination 
of these shifted values is then  repeated  according to  the  procedure described in Sec. III and IV. We obtain  the new 
individual Tevatron averages of r o =  2.115 GeV and M o =  80.456 GeV. These values are identical to  those quoted 
in Eqn. 18 and Eqn. 12, proving th a t our calculated reference point is consistent w ith the original choices m ade by 
CD F and D 0 .
We can now solve the  sim ultaneous linear equations given in Eqns. 28, to  obtain
MWevatron =  80.452 ±  0.059 GeV ,
rWevatron =  2.102 ±  0.106 GeV , (29)
as the Tevatron results of the jo in t analysis. The correlation coefficient is -0 .174 .
Finally, it is of in terest for future, higher precision m easurem ents of M W and r W to  pursue this jo in t analysis 
technique. We expect m ost error contributions to  scale w ith the sta tistics of the  data . Assum ptions th a t are m ade in 
providing external input for r W in the M W analysis are not necessary in this jo in t analysis technique. We also note 
th a t there is alm ost no loss of precision com pared to  the individual m easurem ents. W hile this m ay seem surprising, 
the reason is the  positive covariance induced between MW and TW by the uncertainties in the nuisance param eters. 
This means th a t  an error in any of the  nuisance param eters moves M W and r W in the same direction. B u t since 
an increase in one causes the  o ther to  reduce as m entioned above, th is overall negative feedback suppresses the 
system atic uncertainties from the nuisance param eters on b o th  MW and r W . This reduction in o ther system atic 
errors com pensates for the  inform ation lost in excluding external m ass and  w idth input.
(26)
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V I. IN D IR E C T  W B O SO N  W ID T H  A N D  L E P T O N IC  W ID T H
The CD F and D 0  m easurem ents of R  (see Eqn. 7) have been presented [12-14] elsewhere. We describe here 
the  com bination of the  R  m easurem ents and the ex traction  of r W from R  assum ing the  validity of the  SM. We also 
combine th is ex tracted  value of r W w ith the d irectly  m easured r W from the m T spectrum  shape.
A. C o m b in a tio n  of R M easu rem en ts
The published CDF [12] and D 0  [13,14] m easurem ents of R  in the  electron channel are
R  = 1 0 .9 0  ±  0.32 (sta t) ±  0.30 (syst) (CDF) ,
R  =  10.82 ±  0.41 (sta t) ±  0.36 (syst) (D 0  Run 1a) ,
R  =  10.43 ±  0.15 (sta t) ±  0.23 (syst) (D 0  Run 1b) , (30)
where R un 1a refers to  the  1992-93 d a ta  and R un 1b refers to  the  1994-95 d a ta . The uncertainties are sum m arized 
in Table VII.
TABLE VII. Fractional uncertainties (in %) in the CDF [12] and D 0  [13,14] measurements of R. “1a” and “1b” refer to 
the 1992-93 and 1994-95 data respectively. The column labelled “common” indicates the correlated error, taken as common 
between the D 0  Run 1a and Run 1b measurements. The 1a and 1b columns indicate (in some cases additional) uncorrelated 
errors for the D 0 measurements. The last column indicates the error components that are correlated between the CDF and 
the combined D 0 measurements.
Source CDF D 0 CDF & D 0
lb common la Correlated
PDF 1.1 0.3 0.3
Mw 0.1 0.1 0.7 0.1
Boson pT 0.2 0.1 0.4
Energy Scale 0.4 0.7 0.3
Recoil Response 0.6 0.2 0.6
Clustering Algorithm - 0.2
Generator - 0.3
Electroweak Corrections 1.0 1.0 1.0
Backgrounds 1.5 1.7 0.1 2.3
Efficiencies 1.5 0.6 1.9
NLO QCD 0.6 - -
Drell-Yan 0.2 - -
Total Systematic 2.8 2.2 1.1 3.3 1.0
Statistical 2.9 1.4 - 3.8 -
Total 4.0 2.7 1.1 5.1 1.0
We combine the D 0  results from R un 1a and Run 1b taking the system atics due to  choice of P D F (0.3%), the 
uncertain ty  in M W (0.1%), the uncerta in ty  in the  boson spectrum  (0.1%), clustering algorithm  dependence (0.2%), 
physics generator issues (0.3%), electroweak radiative corrections (1.0%) [19] and Drell-Yan background (0.1%), as 
correlated error com ponents, to  obtain  a to ta l correlated uncerta in ty  of 1.1%. The result for the  combined D 0  
m easurem ent is
R d0  =  10.50 ±  0.23 (uncorrelated) ±  0.12 (correlated)
=  10.50 ±  0.26 . (31)
This D 0  result is then  combined w ith the CD F m easurem ent. In th is com bination, the system atics due to  the 
choice of P D F (0.3%), the uncerta in ty  in M W (0.1%) and higher-order electroweak corrections (1.0%) are trea ted  as 
correlated uncertainties, to  ob tain  a to ta l correlated uncerta in ty  of 1.0%. The average R  value is
R Tevatron =  10.59 ±  0.20 (uncorrelated) ±  0.11 (correlated) 
=  10.59 ± 0 .2 3  . (32)
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B. E x tra c tio n  of W B oson W id th
In the extraction  of r W from R, the Z  ^  ee branching ra tio  is taken from the PD G  [7] to  be (3.363 ±  0.004)%. 
The inclusive cross section ra tio  o W/ o Z is calculated a t NNLO using Van Neerven et al. [24], w ith the following 
inputs: MWevatron =  80.456 ±  0.059 GeV, M Z =  91.187 GeV, r W =  2.06 ±  0.05 GeV, r Z =  2.490 GeV, and 
sin20W =  0.23124 [25]. The renorm alization and factorization scales are set to  the boson mass. The calculated value 
of the  ra tio  of inclusive cross sections is found to  be
—  =  3.360 ± 0 .0 5 1  . (33)
The dom inant uncertainties (quoted in parentheses) in the calculation of the cross section ra tio  are due to  PD Fs 
(0.45%), M W (0.09%), factorization scale (0.12%), renorm alization scale (0.06%) and  sin20W (1.43%). The uncer­
tain ties due to  M z , r W and r z  are negligible. The uncerta in ty  due to  any input is estim ated by varying the input 
by ± 1 o  and taking half of the difference between the results. The uncertainties due to  the renorm alization and 
factorization scales are estim ated  by varying the scales high and low by a factor of two. The uncertain ty  due to  
electroweak corrections is estim ated  by tak ing  different conventions for sin20W. For our central value we use sin20ef  
from LEP, which gives an effective Born approxim ation and minimizes higher order corrections. The on-shell value 
of sin20W =  1 -  (M W/M z )2, however, is equivalent a t tree level, bu t gives a Z  boson production cross section which 
is abou t 1.4% higher. We include this variation as a system atic uncerta in ty  on the calculated o W/ o Z .
The value of the W  ^  ev branching ra tio  ex tracted  from the combined CD F and D 0  m easurem ent of R  using 
Eqn. 7 is
B (W  ^  ev) =  (10.61 ±  0.28) % (Tevatron) . (34)
For comparison, the SM value of the branching ra tio  [7] is
r ( W  ^  ev)
r ( W  )
=  [3 +  6{1 +  —  +  1.409 ( — )2 -  12.77 ( —  j3}]“ 1 
n n  n
=  0.10820 ±  0.00007 , (35)
where we have used (M W) =  0.1224 ±  0.0028 5.
The SM calculation of the  W  boson leptonic p artia l w idth is given by [6]
r {W  -► ev) =  (1 +  s SM )
6nV2
=  227.1 ±  0.6 MeV , (36)
where =  (1.16637 ±  0.00001) x 10-5  G eV -2  is the m uon decay constan t [7], ¿sm  =  -0 .0035  ±  0.0017 is the 
“oblique” correction to  the  tree level p artia l w idth  [6], and M^Tevatron =  80.456 ±  0.059 GeV. Using th is value of 
r ( W  ^  ev), the ex tracted  value of r W is
rWevatron =  2.141 ±  0.057 GeV . (37)
For comparison, the SM prediction is r W  =  2.099 ±  0.006 GeV, using Eqns. 35 and 36.
A com parison of the  w idth ex tracted  from R  w ith the d irectly  m easured w idth (Eqns. 18 and 29) provides an 
interesting test of the SM, since the two m ethods are quite different. In the former m easurem ent assum ptions are 
m ade abou t boson couplings, whereas the la tte r makes use of kinem atics. This test is one of the m ain goals of the  
Tevatron electroweak physics program  in the future, as the  precision of b o th  m easurem ents improves w ith more data .
If one is willing to  make all the SM assum ptions m entioned in Sec. II, it is possible to  combine the indirect and 
direct m easurem ents of r W. The result should be used w ith care; for instance, it m ay not be used in global fits where 
boson couplings are free param eters, or in analyses of d a ta  where new physics can affect the  W  boson branching 
ratios.
Given these caveats, we discuss o ther aspects of combining the indirect and direct m easurem ents of r W. We consider 
the correlation induced by theoretical inputs used in the respective analyses:
5This value of a s (Mw ) is obtained by evolving a s (Mz ) =  0.1200 ±  0.0028 (Eqn. 10.50 of [7]) from Mz =  91.19 GeV to 
Mw =  80.45 GeV using Eqn. 9.4 of [7].
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•  PD F uncertainties: we conclude th a t there is no significant correlation because different aspects of PD Fs are 
relevant for each analysis. For the direct m easurem ent of the  w idth the PD Fs influence the mass dependence of 
the Breit-W igner line shape a t high mass. For the extraction  of the w idth from R, the  P D F ’s influence the boson 
acceptance via their rap id ity  d istributions. The to ta l cross section ra tio  o W/ o Z is affected by the u (x )/d (x ) 
ra tio  of PD Fs.
•  Electroweak corrections, factorization and renorm alization scales and sin20W play no significant role in the  direct 
r W m easurem ent.
•  We consider the  correlation induced by variation in M W. The uncertain ties in R  and o W/ o Z due to  M W 
variation are of the same m agnitude and sign6 and therefore cancel in B (W  ^  ev). The uncertain ty  in the 
SM calculation of r ( W  ^  ev) due to  uncertain ty  in M W is 0.3%, which is transferred  to  the ex tracted  r W 
as a 7 MeV uncertainty. This is anti-correlated7 w ith the corresponding M W uncerta in ty  on the direct r W 
m easurem ent (13 MeV).
Taking the anti-correlation induced by M W variation into account8, we find the Tevatron combined (direct and 
indirect) result
rWevatron =  2.135 ±  0.050 GeV . (38)
The x 2 of th is com bination is 0.05 w ith a probability  of 83 %, indicating consistency between the direct and indirect 
m easurem ents. Further combining w ith the prelim inary LEP direct m easurem ent (Eqn. 19) gives
rWorld = 2 .1 3 9  ±  0.044 GeV . (39)
O ur world average differs from the PD G  [7] value of rW?rld =  2.118 ±  0.042 GeV because we have considered the 
correlations between the  CDF and  D 0  m easurem ents, which were ignored in [7].
C. E x tra c tio n  of W L eptonic  W id th
We m ay use the ex tracted  value of the  W  ^  ev branching ra tio  (Eqn. 34) and the directly  m easured to ta l W  
w idth (Eqn. 18) to  obtain  a m easurem ent of the  W  leptonic p artia l w idth
r ( W  ^  ev) =  Tw  x B (W  ^  ev)
=  224 ±  13 MeV (Tevatron) . (40)
The fractional uncerta in ty  in the  direct r W (5.0%) dom inates over the fractional uncerta in ty  in B (W  ^  ev) (2.4%). 
This m easurem ent of r ( W  ^  ev) is in good agreem ent w ith the SM calculation given in Sec. VI.
V II. S U G G E S T IO N S  F O R  F U T U R E  P U B L IC A T IO N S
There are a few instances where CD F and D 0  have trea ted  uncertain ties differently in their respective analyses. 
For future efforts it would be helpful if a consistent trea tm en t were adopted by bo th  collaborations w ith m utual 
agreem ent. We itemize these cases below.
•  The uncertain ty  due to  PD Fs has been trea ted  differently in two respects, the acceptance-related uncerta in ty  
and the parto n  lum inosity uncertainty.
The acceptance-related effects were studied by varying PD Fs, bu t these variations differed between the CDF 
and D 0  analyses. CD F used their W  ^  ev charge asym m etry  d a ta  to  constrain  the PD F variation, whereas the 
variation considered by D 0  did not have this constrain t because D 0  did not have electron charge discrim ination 
capability  in Run 1. W ith  the R un 2 detector D 0  can also make this m easurem ent. D 0  and CD F have also
6W ith increasing Mw , R reduces due to increased acceptance, and aW also reduces.
7W ith increasing Mw , the calculated r (W  ^  ev) increases, whereas the directly measured r W decreases.
8Ignoring the anti-correlation changes the result and uncertainty by less than 1 MeV.
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dem onstrated  th a t the boson (decay lepton) rap id ity  d istributions m easured in Z  (W ) boson events can provide 
additional PD F constraints, especially when forward lepton coverage is included. The optim al use of all th is 
inform ation would be to  impose a combined constrain t on PD Fs using CD F and D 0  data , and then  propagate 
the same PD F uncerta in ty  into their respective analyses.
This approach m ay also be applied to  the  parto n  lum inosity uncertainty. Furtherm ore we suggest th a t the 
possibility of correlation between the parto n  lum inosity uncerta in ty  and the acceptance-related PD F uncerta in ty  
be studied. We suggest th a t these com ponents be quoted separately  along w ith their correlation.
•  The trea tm en t of the  W  w idth input in the  W  m ass analysis and vice versa should be standardized. We suggest 
th a t bo th  experim ents adopt a common reference point based on available inform ation. This also implies using a 
fixed w idth (mass) for the m ass (width) fitting instead of building in a SM relationship between these param eters. 
This approach will facilitate the com bination of the 1-param eter m easurem ents, the  2-param eter jo in t analysis, 
and the com parison to  theory.
V III. C O N C L U S IO N
We have presented the Run 1 results on the W  boson mass and w idth from the CDF and D 0  experim ents, and 
exam ined their sources of uncerta in ty  to  identify the correlated com ponents. We have used the covariance m atrix  
technique to  combine the respective m easurem ents from the two experim ents. The x 2 probability  for each com bination 
is good indicating th a t the  m easurem ents are consistent. We have also reported  the values and covariance m atrix  of 
the W  mass and direct W  w idth  m easurem ents from their jo in t analysis. Finally, we have combined the m easurem ents 
of the  ra tio  of W  and  Z  boson cross sections, and ex tracted  the combined value of the W  leptonic branching ratio  
and the to ta l W  w idth. The m easurem ents of the  W  w idth  using the direct and indirect techniques are consistent, 
providing a test of the  stan d ard  model. We have also ex tracted  the W  leptonic p artia l w idth from the m easured to ta l 
W  w idth and the leptonic branching ratio . We have docum ented the methodologies th a t  can provide the basis for 
future work w ith d a ta  of higher precision.
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